Objective: To provide a normal comparison group against which to judge symmetry results after cleft surgery and to introduce the thin lip correction (TLC) feature in SymNose. A lip-aspect ratio algorithm has been added to the latest version of SymNose to compensate for the higher degree of overlap in thicker lips when compared to thin lips.
Introduction
The recent Cleft Care UK study has demonstrated improved outcomes in dentofacial growth and speech in unilateral cleft lip and palate children treated in designated cleft units after the government's reconfiguration of cleft services in the United Kingdom after the Clinical Standards Advisory Group (CSAG) report of 1998 (Di Biase and Markus, 1998; Al-Ghatam et al., 2015; Ness et al., 2015; Persson et al., 2015; Sell et al., 2015) . These improvements were measurable because the 5-Year Index for dentoalveolar relationship and the Cleft Audit Protocol for Speech (CAPS-A) are both reliable and validated outcome measures. The changes in facial aesthetic outcomes were less impressive as the outcome tool used is less robust (Sharma et al., 2012; Mosmuller et al., 2013) . To assess changes in aesthetic outcomes after cleft surgery, there is a need for a reliable outcome measure.
Three-dimensional (3D) imaging is frequently suggested as the hoped-for long-term objective measure of facial aesthetics, but to date, tools are not yet widely available for clinical use. The aesthetic assessment is commonly performed on 2-dimensional (2D) photographs using some form of the Asher-McDade system with a 5-point Likert scale ranging from "excellent" to "very poor" (AsherMcDade et al., 1991) . However, the inter-and intrarater reliability of this scoring system remains only moderately reliable and is only slightly improved by using reference photographs (Kuijpers-Jagtman et al., 2009; Mercado et al., 2015) or assessment of discrete lip and nose (Mosmuller et al., 2014; Deall et al., 2016) .
Symmetry in the areas close to the midline seems to play an important role in facial aesthetics (Springer et al., 2007) . In order to measure the asymmetry of the lip and nose, thus providing a more objective aesthetic outcome measure after cleft surgery, Pigott and Pigott (2010) developed the computerbased program SymNose. This program allows measurement of asymmetry on 2D images by tracing the outline of the upper lip and the lower border of the nose on frontal view images and by tracing around the alar bases over the upper nasal perimeter on base view images. By reflecting the left side of the midline over the right, the percentage mismatch of the nonoverlapping area is calculated. As this program enables rapid and reliable assessment of the lip and nose, SymNose has proven to be a useful tool in the measurement of asymmetry after unilateral and bilateral cleft lip and palate repair (Freeman et al., 2013; McKearney et al., 2013; Russell et al., 2014) . To compare their results, these studies used control groups of noncleft children.
Over the years, the program has been under constant development in order to improve the accuracy of "measuring" the aesthetic outcome after cleft surgery. As visible scarring plays a role in facial aesthetics, SymNose was further developed to enable the calculation of a subjective scar area between the central half of the upper lip and the lowest outline of the nose (Pigott and Pigott, 2016) . Another topic of interest has been variations in lip volume per child. To compensate for the higher degree of overlap in thicker lips when compared to thin lips, a lip-aspect ratio algorithm has been added to the latest version of the program. The lip-aspect ratio is incorporated in SymNose by automatically dividing the lip horizontally by a great number of vertical columns giving a different height of vermilion for each vertical line across the lip from one commissure to the other. Subsequently, each height is averaged and then divided by the intercommissure distance, providing a linear relationship for the aspect ratio. The objectives of this study were to provide a normal comparison group against which to judge results after cleft surgery and to introduce the thin lip correction (TLC) feature.
Materials and Methods
For this study, the following equipment were used: 
Protocol
Both AP and basal view images were taken according to a standard protocol, using the same camera and similar lighting. Children were instructed to keep a neutral facial expression. This was important as children in this age category are known to either press their lips together, resulting in an even smaller upper lip, or keep their mouth open, showing a larger proportion of the upper lip and thus a larger upper lip volume. Especially the pressed thin lip may influence the normal reference range, despite the TLC feature. After cataloguing photographs, poor quality images were rejected. Quality was considered poor when photographs were out of focus or in case of saliva or mucous obstructing the view of the nose or lip. All original photographs were cropped rectangular-shaped using Photoshop Elements software (Adobe Systems Inc, San Jose, California) showing only the medial canthi, nose, and lips.
Images were assessed by 3 independent investigators (N.S.S.K., R.A.T., and F.J.M.) experienced with SymNose. Rater 1 (N.S.S.K.) traced all images twice, rater 2 (R.A.T.) traced all male images twice, and rater 3 (F.J.M.) traced all female images twice. Repeat tracings were performed with a minimum interval of 2 weeks. Roundles were placed prior to the assessment according to the user manual. On the AP images, the complete upper lip and lower border of the nose were traced; on the base view, both nasal and nostril outline were traced. A vertical axis was created bisecting a line joining the medial canthi. By reflecting the left side over the right side, the total area where the left and right sides did not overlap (percentage mismatch), measured in pixels as a percentage of the traced area of the upper lip, was calculated by the program. Perfect symmetry would result in 0% mismatch.
Thin Lip Compensation and Reference Scale
The traced images (4 images per case) were imported in turn, correlated by superimposing the canthal roundels, and an average percentage mismatch was calculated. The lip perimeter mismatch percentage was calculated with and without the TLC to show the difference between both measurements. Reference ranges for nose perimeter mismatch percentage and lip perimeter mismatch percentage (with TLC) were subsequently constructed from these data.
Statistical Analysis
Data were analyzed using SPSS incl. PASW statistics 24.0. Intra-and interobserver agreement was tested with the intraclass correlation coefficient, using the absolute agreement for a 2-way random model. Statistical differences in lip perimeter mismatch percentages between the calculations with and without TLC were tested with the Wilcoxon signed-rank test. Statistical differences in gender for perimeter mismatch of all perimeters were studied using the Student t test for normally distributed data and MannWhitney U test for the remaining continuous data. Normal distribution was tested using the Shapiro-Wilk test. Significance was set at P < .05.
Results

Inter-and Intra-Assessor Reliability
In Table 1A , the intrarater reliability is given for all assessors on every perimeter constructed from SymNose. Rater 1 scored the most consistent, whereas rater 2 scored the least consistent. The nostrils were found the most difficult to score by rater 1 and rater 3, while rater 2 showed more difficulties with the lip. Table 1B shows an interrater score of 0.80 and 0.78 between rater 1 and 2 and between rater 1 and 3, respectively, on the first assessment, and an interrater reliability of 0.81 and 0.83 between rater 1 and 2 and between rater 1 and 3, respectively, on the second assessment.
Thin Lip Compensation
The lip perimeter mismatch percentage without TLC ranged from 6.53 to 60.66 (median: 19.97), and the lip perimeter mismatch percentage with TLC ranged from 2.13 to 15.44 (median: 4.9). The perimeter mismatch percentage without TLC was significantly higher compared to the perimeter mismatch percentage with TLC (P < .001). In Figure 1 , examples are shown of 2 noncleft individuals and 1 patient with cleft, whose perimeter mismatch percentages were calculated with and without TLC. This figure shows that without TLC, participant A with a thin lip has a disproportional higher mismatch percentage compared to participant B with a full lip (63.44% vs 15.07%). It also shows that without TLC, participant A has an even higher percentage mismatch compared to participant C (63.44% vs 49.35%), whereas participant C shows a poor result after cleft surgery and has a subjective higher degree of asymmetry compared to the noncleft individual. Table 2 demonstrates the reference range for the noncleft comparison group in total and when subdivided into males and females. Female children had a significantly higher perimeter mismatch percentage for the lip and the nose base compared to male participants (P ¼ .005 and P ¼ .048, respectively).
Reference Range
Discussion
SymNose is a useful tool in the assessment of facial aesthetics after cleft surgery. This article introduces the TLC. The asymmetry of the lip as calculated with SymNose is the result of the nonoverlap between the left and right side as a percentage of the total upper lip volume measured in pixels. However, the same amount of nonoverlap will understandably result in a higher percentage mismatch in a very thin lip, compared to the percentage mismatch of a thicker upper lip. As an attempt to limit the inevitable mismatch of thinner lips, a linear denominator was programmed using an aspect ratio. In SymNose version 6.3 and later, the TLC is automatically on but can be switched off in the analytical mode if preferred or for research purposes.
In previous studies with SymNose, normal controls were used to compare the symmetry results after cleft lip and palate repair. One of the aims of cleft surgery is to make the child look "normal," minimizing the stigmatic features patients with cleft have, to improve self-esteem and decrease psychosocial issues. However, as the phenotype of children varies, it is important to define "normal." With their crowd sourcing paper, Tse et al. (2016) recently showed that both lay people and cleft professionals rank-ordered the noncleft controls as the best aesthetic outcome in a mixed group of 46 patients with a unilateral cleft lip and palate (UCLP) and 4 normal controls. As a start to objectify "normal," this study provides the reference scale of 91 noncleft children against which to compare results after cleft surgery at 5 years of age.
In this study, a substantial to almost perfect inter-and intraobserver agreement was found. The nose on AP views was scored most reliable, whereas the nostrils and the lip for rater 2 were assessed less reliable. Mosmuller et al. (2016) found the lowest reliability on the nose base perimeter due to different perceptions on the shape of the nose. Although SymNose is proven to be reliable, there is some subjectivity to the recording of the nose and lip perimeter. Rater 2 scored a very poor intraobserver reliability on the lip (0.18). The explanation for this reliability lies in the perception of the shape of the lip. Choosing the commissure point is frequently an issue of contention between different tracers because the outer corner of the lip is often darkened by shadow and depth. This of course is even worse in patients with cleft as the upper lip vermillion is often inverted. In Figure 2A and B, an example of tracings of the same participant by rater 2 on assessment moment 1 and 2 is shown. In SymNose, photographs are rotated based on a horizontal line between the medial canthi. The roundels, that is, landmarks, must be placed by the assessor, which makes establishing the plane of rotation sensitive for errors. However, as the medial canthi are close to the midline, we believe that possible errors are negligible. Unlike most programs, the midline of the nose and lip is not established based on the medial canthi or orbits, but by an automatic measurement between the outer corners of the lips, at the commissure points, divided in half. The reason for this is preventing bias when the midline of the nose and/or lip does not coincide with the midline based on the medial canthi. However, when a rater chooses a corner point closer to the midline, the midline will automatically shift toward the other side. When subsequently the left side of the midline is reflected over the right side to calculate the nonoverlapping area, a different percentage mismatch is calculated. During a panel meeting, the authors agreed to perform tracings to the outer corners of the lip, indicated by the commissure of the lower lip. However, as the traced area in these corners will be less reliable due to darkening by shadow, authors recommend cutting off 10% of the outer corners of the lip when calculations are performed. In newer versions of SymNose, this will be incorporated in standard settings. The cutoff point of 10% is chosen arbitrarily and will be investigated more thoroughly by comparing the reliability with the cutoff points of 5% and 15%. In 2015, Deall et al showed there was a significant association between the subjective assessment of the lip (Likert scores) and the asymmetry as measured with SymNose, where SymNose was more accurate as it overcame the human perception bias of negatively scoring right-over left-sided clefts Deall et al., 2016) . Until now, it remains unclear to which extent asymmetry plays a role in assessing facial aesthetics after cleft surgery and if scarring, or the shape of the facial features, are similarly contributing to the postoperative results. Therefore, it is important to understand what determines the aesthetic outcome and that consensus is reached internationally on what is perceived as an "excellent" to "very poor" result.
In 2017, Mosmuller et al. (2017) compared 2D symmetry assessments with 3D symmetry assessments. The 2D symmetry assessments were performed using SymNose, and the 3D symmetry assessments were performed using facial distance mapping. This study, however, showed an unexpectedly low correlation between both measurements. This makes further research mandatory, especially as 3D imaging might overtake 2D photographs in most cleft centers.
Although worm's eye view or base view 2D photographs are usually taken as a standard procedure, there is no internationally recognized system to assess the aesthetic outcome separately on this view. Most studies have used the base view as a part of the overall aesthetic assessment, using a 3-point or 5-point Likert scale as proposed by Asher-McDade et al (Paiva et al., 2014; Pausch et al., 2016) . Deall et al. (2016) found no significant relation between the aesthetic assessment of the nose by human raters and the asymmetry assessed with SymNose. Freeman et al. (2013) also found that the asymmetry results with SymNose for nose front perimeter (AP view) were in contrast with the perimeters as measured on the base view images, illuminating that aesthetic assessment of the nose is more complex, possibly because more features such as the shape of the alar base, the shape of the nostrils, septal deviation, and the width height ratio should be taken into account. It will be interesting in future research to compare SymNose asymmetry results on base view images with the subjective assessment by humans on this particular view.
The 5-year-old children in this study came from a single geographical region. The Index of Multiple Deprivation Decile divides all areas, ranked from 1 (most deprived) to 32.884 (least deprived), in 10 equal groups, showing which areas are among the most deprived 10% (first decile) or least deprived 10% (10th decile). The Index of Multiple Deprivation Decile in this region varied from 3 to 10, representing almost all economical classes, except for the first and second decile. These data are important as it is generally accepted that a relation exists between attractiveness and wealth (Gilmore et al., 1986; Hamermesh and Biddle, 1994; Jackson et al., 1995; Duarte et al., 2012; Pareek and Zuckerman, 2013; Ravina, 2012) . Having a large variability in this study means that these data are applicable on a larger scale rather than solely on the "most attractive" or "least attractive" people.
The limitation of this study is that the reference scale was drawn from a Caucasian population aged 5. Therefore, caution is recommended with the interpretation of results when comparing patients with cleft in other age categories or from different ethnicities. In the future, it will be interesting to expand the normal control group to make this reference range applicable on a broader scale. Age categories 16 to 20 might be suitable as this period marks the end of treatment if no additional surgeries such as rhinoplasty or orthognathic surgery are chosen. Because of increasing migration and in order to use the normal asymmetry reference scale worldwide, asymmetry reference ranges for different noncleft ethnicities must be studied and, if divergent from the Caucasian population, be added to the reference scale.
Conclusion
This study provides a noncleft reference range for all perimeters drawn from SymNose against which to compare results after cleft surgery at 5 years of age. Although SymNose is proven to be reliable, there is some subjectivity to the recording of the nose and lip perimeter. The authors recommend performing tracings to the outer corners of the lip, indicated by the outer corners of the lower lip, and to cutoff 10% of the outer corners of the lip when calculations are performed. In newer versions of SymNose, this will be incorporated in standard settings. Furthermore, this study shows the importance of correcting for a variance in lip volume per child.
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